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Introduction

Aims The cytochrome P450 enzyme CYP1A2 metabolises several drugs and
carcinogens. We wanted to determine how much of the variability of CYP1A2
activity is explained by a newly discovered gene polymorphism in intron 1.
Methods A single nucleotide polymorphism in intron 1 of the CYP1A2 gene at
position 734 downstream of the first transcribed nucleotide was identified by DNA
sequence analysis. The functional significance of this C/A polymorphism was
assessed in 185 healthy Caucasian non-smokers and in 51 smokers by genotyping
and phenotyping using cafteine (100 mg oral dose).

Results Out of the total sample, 46% were homozygous for the variant A, 44%
were heterozygous, and 10% were homozygous for the variant C. The ratio of
1,7-dimethylxanthine (17X) plus 1,7-dimethyluric acid divided by caffeine in 0-5 h
urine samples from 185 non-smokers did not differ significantly between the three
CYP1A2 genotypes. In the 51 smokers, analysis of variance revealed significant
differences in the 5 h plasma 17X/caffeine ratios between the genotypes (P=0.008,
F-test). The mean ratio was 1.37 in carriers of the A/A genotype, 0.88 in
heterozygotes and 0.82 in carriers of C/C. The mean difference between the A/A
and C/A groups was 0.48 (95% confidence interval 0.15-0.81; P=0.01).
Conclusions The A/A genotype, which may represent a CYP1A2 high inducibility
genotype, may either be a direct cause of increased CYP1AZ2 activity, or be
genetically linked to polymorphisms conferring high inducibility. Further studies are
needed to define the role of this polymorphism on the pharmacokinetics of drugs
metabolised by CYP1A2 and in the activation of carcinogens.
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and population studies have reported either unimodal [4],
bimodal or trimodal distributions of CYP1A2 activity

The cytochrome P450 enzyme CYP1A2 plays a major [5—=7]. Also, so-called metabolic crosstalk with polymor-

role in metabolism of many commonly used drugs
including clozapine, imipramine, caffeine, paracetamol,
phenacetin, theophylline, tacrine [1], and some neurotox-
ins [2]. Furthermore, CYP1A2 activates several aromatic
amines and thus is a key enzyme in chemical carcinogen-
esis [3]. CYP1A2 activity is induced by the binding of
aromatic hydrocarbons to the Ah-receptor. In wvivo
measurement of CYP1A2 activity in several human
populations has shown wide interindividual variability,
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phisms of CYP2C19 [8] or GSTM]1 [9] appears to modify
CYP1A2 activity in humans. The wide interindividual
variation in and possible polymodal distribution of
CYP1A2 activity are suggestive of polymorphic control
of enzyme activity. Very recently, sequencing of genomic
DNA has revealed putative polymorphisms in exons 2
and 7 and in intron 1 of CYP1A2 [10—12]. Furthermore,
the intron 1 polymorphism appears to affect the induc-
ibility of CYP1A2 [12]. By sequencing intron 1 of
CYP1A2 in Caucasian healthy volunteers, we have
confirmed the presence of a polymorphism occurring at
high frequency and have studied its functional relevance
using caffeine as a test drug in populations of non-
smokers and smokers.
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Methods

The functional effect of the CYP1A2 polymorphism was
studied in two groups. First, 185 non-smoking healthy
Caucasian volunteers were phenotyped for their CYP1A2
metabolic capacity, using a single oral dose of 100 mg
(Coffeinum purumTM, Berlin-Chemie).
Immediately prior to taking the tablet, the volunteers
were asked to empty their bladder and urine was collected
for the subsequent 5h. These subjects were recruited
from a pool of healthy non-smoking volunteers regularly
participating in phase I studies. Non-smoking status was
confirmed by inquiry on the day of the test. All
subjects had given written informed consent to the
phenotyping procedures and to genotype analyses for
heritable polymorphisms in foreign compound metabolis-
ing enzymes. The volunteers did not participate in drug
trials for at least four weeks prior to phenotyping. Urine
concentrations of caffeine (137X) and the CYP1A2
catalysed metabolites 1,7-dimethylxanthine (17X) and
1,7-dimethyluric acid (17U) were quantified by h.p.l.c.
essentially as described by Grant et al. [13]. The interassay
coefficient of variation (5 mg 171) of each of the caffeine
metabolites was 8.4% for 137X, 4.7% for 17U, and 4.8%
for 17X (n=13). The urine 17X+417U/137X ratio,
calculated on a molar basis, was used as the index of
CYP1A2 activity [14].

The second study was performed in 51 healthy
volunteers who were current smokers (1 to 50 [mean 15]
cigarettes per day for at least 2 weeks prior to the test).
They received an oral dose of 100 mg caffeine and a
venous blood sample was taken 5 h after administration.
The molar metabolic concentration ratio (MR)
17X/137X was used as the index of CYP1A2 activity
[15]. 17X and 137X were quantified in plasma as
described above but using 10% methanol in the mobile
phase. The lower limit of quantification was 0.02 mg1~ '
for 17X and 0.03 mg 17" for 137X. Interassay coefficients
of variation were 8.8% for 17X and 8.0% for 137X at a
concentration of 5 mg 1" for both compounds (n=20).

For the determination of genotype, 5-10 ml of whole
blood were collected in EDTA tubes. DNA was extracted
using a standard phenol/chloroform extraction procedure
[16], and DNA samples were dissolved in 10 mm
Tris/1 mm EDTA, pH 8.0 and stored at 4° C. Intron 1
of CYP1A2 was amplified by PCR using forward
primer P1f (5'-CAACCCTGCCAATCTCAAGCAC,
located in exon 1) and reverse primer P4r (5-
AGAAGCTCTGTGGCCGAGAAGG,  located in
exon 2). A 25 pl PCR mix comprised 10 mm Tris-HCI
pH 8.3, 1.25 mMm MgCl,, 50 mm KCI, 200 um dNTPs,
0.2 um of each of the primers, 1.25 U Taq polymerase
(AmpliTaqTM, Perkin Elmer), and 1 pl of genomic DNA.
PCR was performed with an initial denaturation for

caffeine
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2 min at 94° C followed by 35 cycles of 30 s at 94° C,
10s at 60° C, 1 min at 72° C, and a terminal extension
for 7 min at 72° C. For sequencing the CYP1A2 intron 1
region from the P1f/P4r PCR product, two shorter
fragments were amplified in a nested PCR to increase
the specificity (Figure 1). One fragment was amplified
with  primers  P1f  (see  above) and  P2r
(5'-AAGAGTCCCTGCCAGTGCTGGC,
intron 1), and the other fragment was flanked by P3f
(5'-GGAACTCCTGGTCCCTTGGGTA,
intron 1) and P4r (see above). DNA sequence analysis
was performed on an ABI 373A instrument using a Taq
DyeDeoxy Cycle Sequencing Kit'™ (Perkin Elmer,
Weiterstadt, Germany).

For routine genotyping, a PCR-RFLP test specific for
the C/A polymorphism was established using the reaction
with primers P1f and P4r as described above followed by
a digestion with Bsp120I (MBI Fermentas). Wild-type
alleles were cut into two fragments of 709 and 211 bp by
the enzyme Bsp120], whereas the mutant alleles remained
uncleaved. Cleavage products were analyzed by 3%
agarose gel electrophoresis.

Differences between the genetically defined subgroups
were tested by one-way analysis of variance with the
SAS statistical program (SAS institute, Cary, USA) with
the procedure GLM using the logarithmically (base 10)
transformed metabolic ratios. The coefficient of determi-
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located in

nation (R”) was also calculated using the SAS procedure
GLM. Analysis of variance was applied after normal
distribution of the logarithmically transformed data from
all groups was confirmed using the Shapiro Wilk test. In
addition, the prerequisite of homoscedasticity was fulfilled
after logarithmic transformation. Means, confidence limits
both for absolute values and differences between means
were determined from logarithmically transformed values.

Results

We sequenced intron 1 of the CYP1A2 gene in DNA
from eight volunteers. Only one polymorphism was
identified, namely a C to A transversion at position 734
downstream of the first transcribed nucleotide of CYP1A2
(based on the CYP1AZ2 sequence published at GenBank
accession no. M31664; Figure 1). A mutation-specific
PCR-RFLP test was then developed and wused to
genotype 236 subjects. Only 24 subjects had the
homozygous C/C genotype (10%, 95% confidence limits
6.6—15%), whereas 104 subjects had the A/C genotype
(44%, 95% CL 38—-51%) and 108 were homozygous A/A
(46%, 95% CL 39—-52%). This distribution is in accordance
with the frequencies expected, namely 43% for A/C and
46% for A/A, when applying the Hardy-Weinberg
principle based on the experimentally determined
frequency of the C/C genotype.
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Figure 1 Structure of the CYP1A2 gene. Exons are shown as filled boxes, the dashed lines indicating incompletely characterised intron

sequences, and the arrows showing the positions of the primers used for identification and routine genotyping of the intron 1

polymorphism. The boxes below show the DNA sequencing signals of the four nucleotides around the CYP1A2;;, polymorphism for
the three genotypes C/C, C/A and A/A. Number 734 refers to the position downstream of the first transcribed CYP1A42 nucleotide.

The molar urinary ratios of (17X +17U)/137X follow-
ing the oral administration of 100 mg caffeine to 185
non-smoking subjects are depicted on the left hand side
of Figure 2. Mean values and their 95% confidence limits
were 2.54 (2.19-2.99) for the A/A genotype, 2.28
(1.97-2.65) for the A/C genotype, and 3.26 (2.36—4.50)
for the C/C genotype. No significant differences between
CYP1A2 genotypes were observed according to one way
analysis of variance.

In contrast, the mean molar ratios of 17X/137X in
plasma from 51 smokers differed significantly between
the CYP1A2 genotypes (Figure 2). Mean values and their
95% confidence intervals were 1.37 (1.07-1.72) for the
A/A genotype, 0.88 (0.73—1.06) for the A/C, genotype,
and 0.82 (0.46-1.46) for the C/C genotype. These
differences were significant according to one way analysis
P=0.008) with a coefficient of
R*) of 0.18, indicating that 18% of the
phenotypic variability might be explained by the C/A
polymorphism. The distribution of the logarithmically
transformed data was not significantly different from that
of a normal distribution according to the Shapiro Wilk

of variance (F-test,
determination (
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test. However, the metabolic ratios of the A/C group
did not appear to be normally distributed on visual
inspection of the histogram (Figure 2). Thus, the nonpara-
metric Kruskal-Wallis test was applied to confirm that
the differences between the groups were significant (P=
0.02 with 2 degrees of freedom). Post-hoc tests using a
Bonferroni correction showed a significant difference
between the A/A and the A/C group (P=0.01; mean
difference: 0.48; 95% confidence limits: 0.15-0.81). In
contrast, no significant differences were seen between the
C/C and A/C group (mean difference: 0.06, 95%
confidence limits: -0.42—0.55) and the C/C and A/A
group (mean difference: 0.55, 95%
limits:-0.06—1.19).

The smokers were stratified into equal sized groups of

confidence

moderate smokers (<15 cigarettes per day) and heavy
smokers (>15 cigarettes per day). In the heavy smoker
subgroup (n=26), mean (95% confidence limits) of the
metabolic ratios were 0.77 (0.34—1.76) for C/C, 0.81
(0.55-1.20) for A/C and 1.40 (1.02-1.92) for A/A, and
there was a significant P difference of 0.59 (95% confidence
limits 0.17—1.07) between the A/C and A/A groups.
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Figure 2 Frequency distribution of caffeine metabolic ratios in the different genotypes with respect to the CYP1A2 intron 1

polymorphism. On the left, logarithmically transformed molar urinary (17X +17U)/137X ratios from 185 non-smoking subjects are
shown. There were no significant differences in the mean ratios between the three groups. On the right, the logarithmically transformed

plasma 17X/137X ratios from 51 smokers are shown. In this group, the C/A polymorphism had a significant effect on the caffeine

metabolic ratios (P=0.008). Dotted lines indicate the mean values in each group. The frequency distribution of each of the subgroups
was not significantly different from a normal distribution according to the Shapiro-Wilk test.

Discussion

In this work we have confirmed the preliminary data of
McLeod et al. [12] showing the presence of a polymor-
phism in intron 1 of the CYP1A2 gene. A single base
change, namely a C to A transversion downstream of the
first transcribed nucleotide, was identified. The previously
published sequence of the wild type CYP1A2 gene
contained C at position 734 [17]. However, in the
present large population study we have found that the A
variant is more frequent and suggest that it be termed
CYP1A2*1A and the C variant CYP1A2*1B in accord-
ance with the standard nomenclature for polymorphic
drug metabolising enzymes [18].

There were no significant differences in CYP1A2
metabolic activity between the genotypes in non-smoking
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individuals (i.e., with uninduced CYP1A2 levels) with
respect to the intron 1 polymorphism. However, in
smokers a 1.6-fold higher metabolic activity was observed
in subjects homozygous for the A allele compared with
the other genotypes, a difference that was statistically
significant. These data are in accordance with those
published by McLeod ef al. [12] in a smaller study. We
observed a significant difference between the A/A and
A/C genotypes but not between the A/C and the C/C
genotypes. This might indicate that the A allele is a
recessive factor for high inducibility but with only 5
subjects in the C/C group the power to establish the
mode of inheritance for this gene was too small.

One shortcoming of this study was the different
caffeine test ratios used in the non-smoker group and
smoker groups. Although it has been shown that both

© 1999 Blackwell Science Ltd Br J Clin Pharmacol, 47, 445-449



urinary and plasma caffeine ratios reflect CYP1A2 activity
[14], plasma ratios may be less biased and more sensitive
parameters of CYP1A2 activity [6, 15]. For practical
reasons only the urinary (17X 4 17U)/caffeine ratios
could be measured in the study of non-smokers.
Therefore, the small effect of this CYP1A2 polymorphism
on enzyme induction seen in smokers could also be
present in non-smokers, but may not have been detected
because a less sensitive index of CYP1A2 activity was
used in the latter group. Alternatively, in non-smokers
other segments in the CYPI1A2 gene may be more
important for regulation of the CYP1A2 activity.

Mechanistically, this single nucleotide polymorphism
in the non-coding region of the CYP1A2 gene may
either result in differential binding of putative regulatory
proteins as suggested by McLeod ef al. [12], or it may be
in linkage disequilibrium with other mutations affecting
CYP1A2 inducibility. The C/A polymorphism could
contribute to interindividual differences in the metabolism
of other CYP1A2 substrates. It may also be a risk factor
in cancers associated with exposure to arylamines or
heterocyclic amines, such as urinary bladder or colon
cancer.

The study was supported by grants 01EC9408 and 01229511 of
the German Federal Ministry of Education, Science, Research, and
Technology. Furthermore, we thank Mr. A. Becker for his
contribution to this study.
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